Introduction
============

More than 80 million people worldwide will be affected by glaucoma by 2020.[@b1-opth-11-1371] Pharmacologic treatment options to lower intraocular pressure (IOP) are the current first-line therapy for the most common of the glaucoma subcategories, including primary open-angle glaucoma (POAG). Among the potential pharmacologic treatments, the prostaglandin class of drugs has become the preferred option.

Most prostaglandin mimetics appear to affect a hypotensive response by remodeling the extracellular matrix of the ciliary body, thereby enhancing uveoscleral outflow.[@b2-opth-11-1371],[@b3-opth-11-1371] Bimatoprost is a unique prostaglandin in that it also interacts with the trabecular meshwork to increase outflow facility.[@b4-opth-11-1371] Thus, bimatoprost has a dual mechanism of action whereby it lowers IOP by acting on both the pressure-sensitive and pressure-insensitive outflow pathways.[@b5-opth-11-1371] Short-term comparative studies of the IOP-lowering effect of prostaglandins latanoprost, travoprost, and bimatoprost have shown statistical similarity and, in some cases, a superior effect with bimatoprost.[@b6-opth-11-1371]--[@b9-opth-11-1371]

However, it is often the case in clinical practice that a single agent is unable to provide adequate IOP lowering over the long-term. If/when that occurs, clinicians typically add an adjunctive IOP-lowering agent that belongs to another class or switch the patient to one or more agents from the same class.[@b10-opth-11-1371] While some short-term studies have shown improved IOP lowering when patients who had a poor initial IOP-lowering response to latanoprost were switched to bimatoprost,[@b11-opth-11-1371]--[@b13-opth-11-1371] long-term data are scarce. Bimatoprost 0.03% is well accepted as an effective agent, but it has a high rate of hyperemia.[@b14-opth-11-1371]--[@b19-opth-11-1371] Katz et al[@b14-opth-11-1371] have shown that bimatoprost 0.01% was equally potent in lowering IOP in a parallel comparative study, while decreasing the rate of hyperemia. Clinical trials comparing bimatoprost 0.01% to bimatoprost 0.03% and other ocular hypotensive agents have found uniform acceptance by patients.[@b17-opth-11-1371],[@b20-opth-11-1371]--[@b27-opth-11-1371] However, to date, there is no published study evaluating the hypotensive efficacy in the same group of patients with glaucoma who have been switched from bimatoprost 0.03% to bimatoprost 0.01% and compared to those who remained on bimatoprost 0.03%. In this study, we evaluated for the first time the long-term IOP-lowering efficacy in patients switched from 0.03% to 0.01% and compared it to that of nonswitch patients.

Methods
=======

This is a retrospective study comparing the hypotensive efficacy of two concentrations (0.03% and 0.01%) of bimatoprost in patients with POAG. We identified retrospectively, from electronic medical records, 30 patients with POAG who were switched from bimatoprost 0.03% to 0.01% and 35 patients who were maintained on bimatoprost 0.03% care from January 8, 2010 to December 26, 2012 at our institution. Group 1 consisted of patients with mild glaucoma who were switched from bimatoprost 0.03% to 0.01% (n=30). Group 2 consisted of patients who had moderate to severe glaucoma, and continued to be maintained on bimatoprost 0.03% (n=35). The severity of glaucoma was determined using our own classification system, based on Humphrey visual field status: mild =+1 to −5 dB, moderate =−6 to −15 dB, and severe =−16 dB and worse. The main outcome measures were mean IOP measured with applanation tonometry 6 and 3 months before switch, at switch, and 3, 6, and 12 months after the switch to 0.01%. The type of applanation tonometry used was that of Goldman attached to Haag-Streit slit lamp. The hyperemia scores were graded as: no hyperemia = Grade 0, mild hyperemia = Grade 1, moderate hyperemia = Grade 2, and severe hyperemia = Grade 3, compared to a picture scale. Safety outcomes included discontinuation of bimatoprost and reasons for discontinuation.

All patients included in this study signed an "Authorization and Consent to Disclose Medical Information" form. In our practice, we routinely obtain written informed consent from our patients to use information from their medical records for clinical research in accordance with the regulations of the Health Insurance Portability and Accountability Act. Thus, no separate investigational review board approval was deemed necessary for this study.

Inclusion criteria
------------------

Patients with POAG who switched from bimatoprost 0.03% solution to bimatoprost 0.01% solution with follow-up records of at least 6 months were included in this study. IOP measurements were collected at 6 and 3 months before the switch, at switch, and 3, 6, and 12 months after the switch to bimatoprost 0.01%.

Exclusion criteria
------------------

Patients were excluded from the analysis if they did not have follow-up records of 6 and 3 months before switching and 3, 6, and 12 months after switching from bimatoprost 0.03% to bimatoprost 0.01%.

Statistical analyses
--------------------

Data were analyzed using Microsoft Office Excel 2010 Software (Microsoft Corp., Edmond, WA, USA) and GraphPad Prism (GraphPad Software Inc., La Jolla, CA, USA). Distribution of variables is given as mean, standard deviation, and ranges. For accurate statistical analyses, OD and OS were analyzed separately in order to avoid between-eye correlations. Data are presented as the mean IOP ± standard deviation. Statistical significance was determined using a paired *t*-test to study the difference in the mean values of IOP between pre- and postswitch. Statistical significance between groups 1 and 2 was determined using unpaired *t*-test. Statistical significance was set at *P*\<0.05.

Results
=======

The study sample consisted of 65 patients (30 patients who switched from bimatoprost 0.03% to bimatoprost 0.01% -- Group 1 \[27 right eyes {OD}, 30 left eyes {OS}\] and 35 patients who were maintained on 0.03% -- Group 2 \[35 right eyes {OD}, 34 left eyes {OS}\]). There were 40 patients in the nonswitch group to start with, but 5 patients were excluded from the study because there was not enough follow-up data. So, the total number of patients in the nonswitch group was 35. The total number of patients in the switch group was 30. These patients fit the study criteria after review, and data were collected from their medical records for analyses.

Both groups had similar characteristics. There were a total of 44 females and 21 males with a mean age of 70 years (range: 48.0--94 years). The mean age in Group 1 was 71 years (range: 48--93 years) and in Group 2 was 69 years (range: 45--94 years). The percentage of males to females was 29% versus 70%, respectively, in Group 1 and 34% versus 66%, respectively, in Group 2. Seventy percent of patients in Group 1 were African Americans versus 77% in Group 2. There were 26% whites in Group 1, compared to 23% in Group 2. Three percent of the patients in Group 1 were Hispanics. There were no Hispanics in Group 2. Baseline characteristics are depicted in [Table 1](#t1-opth-11-1371){ref-type="table"}.

Approximately 67% of the switched patients (n=18) were on bimatoprost monotherapy. The remainder of the patients were using bimatoprost and at least one adjunctive such as brimonidine, dorzolamide, and timolol. Patients continued concurrent use of adjunctive medications after the switch to bimatoprost 0.01%.

Efficacy
--------

Mean IOP prior to switch from bimatoprost 0.03% to bimatoprost 0.01% (Group 1) was 16.96±5.03 mmHg in OD and 17.67±5.33 mmHg in OS. The mean of nonswitched Group 2 IOP at baseline was 17.40±4.61 mmHg in OD and 17.63±3.97 mmHg in OS. Mean IOP at 12 months after the switch was 17.60±4.34 mmHg in OD and 17.00±3.37 mmHg in OS ([Figure 1](#f1-opth-11-1371){ref-type="fig"}; [Table 2](#t2-opth-11-1371){ref-type="table"}). In the nonswitched group, the mean IOP remained the same. These results provide enough evidence to suggest that there was no significant difference between the lowering efficacy of bimatoprost 0.03% and bimatoprost 0.01% (*P*~1~=0.5 OD, *P*~2~=0.2 OS). Similarly, mean IOP pre- and postswitch data show noninferiority of bimatoprost 0.01% solution compared to bimatoprost 0.03% solution.

African American patients had preswitch mean IOPs of 16.181±3.79 mmHg OD and 16.71±3.23 mmHg OS, whereas the postswitch mean IOPs were 16.43±3.93 mmHg OD and 15.92±3.38 mmHg OS, and the differences were not statistically significant (*P*~1~=0.6 OD, *P*~2~=0.2 OS). African American patients in the nonswitch group had average IOPs of 17.17±4.59 mmHg OD and 17.44±5.43 mmHg OS. Caucasian patients had preswitch mean IOPs of 18.41±7.55 mmHg OD and 19.19±7.89 mmHg OS, comparable to postswitch mean IOPs, which were 17.75±6.44 mmHg OD and 18.0±6.06 mmHg OS (*P*~1~=0.37 OD, *P*~2~=0.29 OS). Caucasian patients in the nonswitch group had mean IOPs of 19.91±3.61 mmHg OD and 18.18±2.62 mmHg OS.

Between the two races, African American patients who switched from bimatoprost 0.03% monotherapy to bimatoprost 0.01% monotherapy had lower IOP readings post-switch, when compared to Caucasian patients who switched from bimatoprost 0.03% to bimatoprost 0.01% monotherapy. These differences were not statistically significant.

Tolerability
------------

Preswitch to 0.01%, there were no patients exhibiting Grade 0 on the hyperemia scale. Four patients exhibited Grade 1, 21 patients showed Grade 2, and 4 patients showed Grade 3 hyperemia. Hyperemia was not recorded for one patient. Postswitch to bimatoprost 0.01% solution, the hyperemia scores showed no patient exhibiting Grade 0, 24 patients with Grade 1, 3 patients with Grade 2, and 2 patients with Grade 3 hyperemia, indicating a shift toward less hyperemia after using bimatoprost 0.01%. There was a significant difference between the hyperemia scores of pre- and postswitch patients (*P*\<0.001). The average preswitch hyperemia score was 2.0, and the average postswitch hyperemia score was 1.24. This shows that 0.01% bimatoprost is more tolerable than 0.03% bimatoprost ([Table 3](#t3-opth-11-1371){ref-type="table"}). Patients in the nonswitched Group 2 on bimatoprost 0.03% did not show any change in the hyperemia scores, as expected (*P*\>0.05).

Discussion
==========

In our study, we found a similar IOP-lowering effect between bimatoprost 0.01% and bimatoprost 0.03% in those patients who were switched. It is generally accepted in clinical prac-tice that medication compliance is better in Caucasians than in African Americans, and theories range from a difference in socioeconomics to intentional nonadherence if hyperemia is considered too obvious. In our study, improved compliance, regression to the mean, or a Hawthorne effect[@b28-opth-11-1371] may have contributed to the long-term IOP-lowering effect with bimatoprost 0.01% solution compared to bimatoprost 0.03% solution. It is possible that the immediate positive hypotensive response at 3 months could be due to adherence to the medication. However, it is important to note that the goal of this study is to show that 0.01% bimatoprost is as efficacious as 0.03% bimatoprost, with better hyperemic rates. Earlier studies have found a sustained long-term IOP-lowering capability of bimatoprost when used as monotherapy in treatment-naïve glaucoma patients.[@b29-opth-11-1371] This study suggests that significant sustained long-term IOP lowering also occurs after switching from bimatoprost 0.03% to bimatoprost 0.01% solution, either as monotherapy or as part of an adjunctive therapy mix.

The prostaglandin class agents have a similar adverse effect profile, but the frequency of side effects varies from drug to drug.[@b8-opth-11-1371],[@b14-opth-11-1371] For example, Parrish et al[@b9-opth-11-1371] found latanoprost had a higher ocular tolerability than bimatoprost. However, in our study, there was no discontinuation due to hyperemia or other side effects. In our switch group, we observed an increase in the number of mild ocular hyperemia cases (Grade 1) and a decrease in moderate and severe ocular hyperemia cases (grades 2 and 3) following switch from 0.03% to 0.01% bimatoprost. The results of our study corroborate with those of Katz et al,[@b14-opth-11-1371] who also reported a reduction in the number of moderate ocular hyperemia cases and an increase in mild ocular hyperemia cases in their study comparing 0.03% with 0.01% bimatoprost, indicating a greater tolerability to the lower concentration (0.01%). Although we did not include a patient survey, anecdotally, our patients liked the switch due to continued efficacy and better tolerability (less hyperemia) of bimatoprost 0.01% solution.

Sonty et al[@b30-opth-11-1371] previously showed bimatoprost 0.03% to be an effective alternative for patients in whom latanoprost was considered ineffective. While additional long-term prospective studies are called for to confirm the findings of our small retrospective study, our results support switching patients from the higher concentration bimatoprost 0.03% solution to bimatoprost 0.01% solution before switching to a new class agent, or before switching classes or treatment strategies. Our study adds to the literature about similar efficacy and improved tolerability between the two formulations of bimatoprost.[@b14-opth-11-1371],[@b17-opth-11-1371],[@b20-opth-11-1371]--[@b27-opth-11-1371]

Conclusion
==========

This first observational retrospective switch study of bimatoprost from 0.03% to 0.01% within the same POAG patient population has shown similar IOP-lowering efficacy and improved tolerability. Patients who were in the bimatoprost 0.01% arm showed similar IOPs after 12 months to patients who were maintained on bimatoprost 0.03%. The patients who switched from bimatoprost 0.03% to bimatoprost 0.01% showed improved hyperemia scores. This switch study indicates that 0.01% may be considered an improved IOP-lowering concentration of bimatoprost in the treatment of POAG.
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###### 

Baseline characteristics of patients

                                  Switched group, n=30     Nonswitched group, n=35
  ------------------------------- ------------------------ -------------------------
  Age (years)                                              
   Mean (range)                   71 (48--93)              69 (45--94)
  Sex, n (%)                                               
   Male                           9 (29)                   12 (34)
   Female                         21 (70)                  23 (66)
  Race, n (%)                                              
   African American               21 (70)                  27 (77)
   White                          8 (26)                   8 (23)
   Hispanic                       1 (3)                    0
  IOP-lowering Rx, n (%)                                   
   Bimatoprost alone              18 OD (67); 19 OS (63)   10 OD (29); 10 OS (29)
   Bimatoprost +1 adjunctive Rx   4 OD (14); 5 OS (16)     6 OD (17); 7 OS (21)
   Bimatoprost +2 adjunctive Rx   4 OD (14); 4 OS (13)     11 OD (31); 10 OS (29)
   Bimatoprost +3 adjunctive Rx   1 OD (4); 2 OS (6)       8 OD (23); 7 OS (21)
  Baseline IOP (mean ± SD)                                 
   Right eye                      16.96±5.03 mmHg          17.40±4.61 mmHg
   Left eye                       17.67±5.33 mmHg          17.63±3.97 mmHg

**Abbreviations:** IOP, intraocular pressure; OD, right eye; OS, left eye.

###### 

Mean and range of IOP for switch and nonswitch groups at various time points

                        Time point (months)                                                        
  --------------------- --------------------- ------------- ------------ ------------ ------------ ------------
  Switch OD                                                                                        
   Mean ± SD (mmHg)     17.75±5.07            17.18±5.28    16.96±5.03   16.29±4.60   16.92±5.00   17.60±4.34
   IOP range mmHg       9--32                 10--32        11--31       9--27        8--27        11--26
  Switch OS (mmHg)                                                                                 
   Mean ± SD            17.39±4.95            17.35±4.67    17.67±5.33   16.51±4.27   15.89±4.37   17.00±3.37
   IOP range mmHg       10--32                10--32        11--36       11--27       10--27       12--24
  Nonswitch OD (mmHg)                                                                              
   Mean ± SD            17.14±3.48            17.49±0.615   17.40±4.61   18.32±4.90   18.22±5.25   17.0±4.43
   IOP range mmHg       11--26                11--27        8--31        9--29        10--38       9--26
  Nonswitch OS (mmHg)                                                                              
   Mean ± SD            17.25±3.59            17.78±3.20    17.63±3.97   18.37±5.99   17.80±5.58   16.88±5.92
   IOP range mmHg       12--28                11--24        9--31        10--44       12--36       10--44

**Abbreviations:** IOP, intraocular pressure; OD, right eye; OS, left eye.

###### 

Differences between mean IOP at a given time point and time of switch (at 0 months)

                 Time point (months)                                      
  -------------- --------------------- ------- ---------- ------- ------- -------
  Switch OD      0.83                  0.19    Baselin    −0.63   −0.14   0.51
  Switch OS      −0.1                  −0.23   Baselin    −1      −1.72   −0.6
  Nonswitch OD   −0.26                 0.09    Baselin    0.92    0.82    −0.4
  Nonswitch OS   −0.38                 0.15    Baseline   0.74    0.17    −0.75

**Abbreviations:** IOP, intraocular pressure; OD, right eye; OS, left eye.
